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We evaluated the day-time distribution of juvenile and adult French grunts, Hasmufon favolineation, relative 1o the
spatial comfiguration of hard and sofl botiom areas in a benthic landscape. Probability of juvenile presenoe on hurd
botom sites was inversely correlated with distance 10 soft bottom, Adults presence al hard boltom sites showed
i significant relationship with distance o soft botiom, A significant and positive relationship was found between
presence of juvenibes on hard bottom sites and arca of soft bottom within 100 m, but no significant relationship was
Found for area of soft bottom within 300 m. Adulis exhibited no significant rebationship with area of soft bottem for
either distonce tesied. These disiributions are sanspecied 1o e the resull of the combined influence of laral settlement
patterns and foraging behaviors associated with hard and soft bottom. This study indicates that data collected at very
fine scales can be I:Irﬂ|]|'.|".|!1:| in the context of the broad-scale mosac of halatats o tee benthic |aru]:~u:;||'u.r Lia |'rml,|i:;|
patterns of fish distribution. Such spatially explicit conclusions ane not possible through analysis of fine-scale of

broad-seale data alone.

Introduction

In the Caribbean, research focused on haobitat selec-
tion o the French grund, Haemudon fevoltneannm, has
been conducted al Ane-scales while broad-scale influ-
ences on fish distribution have been vinually ignored
These fing-scale studies in the Virgin Islands have
determined that larvae settle with greater frequency on
sand and seagrass substrates than onto reef and hard
botiom | Shulman & Ogden 19870, Afver o few weeks in
soft bottom residence, recruils move o nearby neels
(Helfiman et al. 1982, McFarland et al, 1985). Juve-
niles then begin a pattemn of dicl migration from pro-
ective resting sites on corsl reefs during the day to
night-time feeding grounds consisting of seagrass beds
and other wofi bottom habatnts such ms sand and mosd

(Ogden & Ehdich 1977} Juvenile M. favolimesiumnm
schiool during the day at coral reef and ather hard bot-
toam habitats (hereafier referred to collectively & “hand
bottom” ) then disperse around dusk o feed solitarily
theoughaout the mght (Helfman of al, 19820 Agonis-
tie imeractions and termtoral defense of prefermed sofit
bottom fecding arcas have been suggested 1o occur
once individuals disperse at might (MeFarland & Hillis
19820, Daspersal distances for juveniles are suspected
i range from ens o hundreds of meters (Opden &
Ehrlich 1977}, alihough few direci measuremenis of
this distance have been conducted. Adulis are sus-
pected 1o have a simnilar diel migration paticm although
shified offshore and outside of protective lagoons
where juveniles are concentrated (Ogden & Ehrlich
1977, Lindeman 19597}
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Diespite these studies on the fime-scale (1= 100m) habi-
tat preferences and behaviors of juvenile grants much
uncertainty remains about their broad-scake (= 100m)
hoame range, migrsory distances, and other interactions
wiith the benthic landscape. Furthermore, linke concrese
evidence exists on adult home ranges or on the spatial
relationship between adult disiribution and the config-
urstion of hard and soft bottom habitats ab any scale.
While it is assumed that adulis exhibit o similar diel pat-
tern of habitat use to that of juveniles alithough shified
offshore (Ogden & Erlich 1977), this has not besn thor-
oughly evaluated. Two interesting tagging siudies pro-
vide some data on these behaviors for adults but wene
unforunately limited by small sample size (Tulevech &
Recksick 1994, Burke 1995),

In adkdlition to the findings from fine-scale observa-
tipnal studies, optimal foraging theory predicts that dur-
ing the day both juvenile and aduly H, favedineanom
will wiilize hard bottom refuges that are in close pros-
imity 10 soft botsom feeding grounds such that encrgy
cxpended on traveling between resting sites and fior-
aging sites is minimized (Pianka 1988) (Figure 1)
Furthermore, larger arcas of sofi bottom adjacent 1o
hard bodtom resting sites should support a larger pop-
ulation of grunts ai resting siles since larger areas of
saft batiom provide mone pofential space for nocturnal
foraging activities of solitary grams (Figurne 2},

In thas study, we analyeed day-time fsh census data
in combination with digital maps of the bemhic land-
scape to evaluwabe the spatial distribution and scales at
which H, fuvelinratum responds to hard and soft bot-
tom in the benthic landscape, Using this process, the
fellowing hypotheses were evaluated: (1) juvenile and
aduli M. flavolinearnm are more frequently observed ar
hard botiom sites rather than sofi bottom sites during
the -:Iay,{!badul: H.ﬂul.'r.nlf:rﬂ'mm aE INonE I'mquc'ml}'
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Figure 2. Expectod relationahip of fish peesence on day-time
consisss over had Botom will ares of provinal =oft bottam.

observed at offshore (bank) sites rather than inshore
(lagoon) sites during the day, (3) adult and juvenile
H. favolineatum have a higher probability of occur-
rence during the day on hard bottom habitat that is
in close proximity to soft bowom, and 4) adull and
juvenile H. favelineatum have a higher probabdlity of
occumence during the day om hard bottom habitat that
is withan diel migration distance of large arcas of soft
hoatoim.

Methods

We conducted 120 spatially-independent visual cen-
suses of the fish communities around Buck [sland Reef
Mational Monument, 5t Croix, U5, Virgin 1slands in
February 2001 (Figure 3). In this census technigue, a
diver affixes one end of a 25 m tape 10 the subsirate and
then swims a random compass heading while record-
ing all fish species, their size, and abundance observed
within 2 m of both sides of the transect line untl all
25m of the tape have been uhreeled. Once the cen-
suses wiere completed, all . favolinearim sightings
over 5 cm were separated into juveniles or adults hased
on 15em standand length (Gaat & Muonro 1983) and
then scored as either “present” or “aheent’ o each census
site, MNewly settbed larvae and early juveniles less than
Sem are difficult 1o distinguish from congeners using
visual census techmiques and o were not included in
this analysis { Lindeman 1'986). Census siles wiéne sirf-
ified by 3 habitat types (unconsolidated sediment, sub-
merged vegetation, and coral reefhard bottoms; Kendall
et al, 2001 ) and position relative w a fringing reell that
separates a prodecied lagoon from seawand sites on the
insular shelf (Toble 1) Each census was conducied
i less tham 20m depth and entirely within an area
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Figure 3. Boivom types within the study area, Buck Island Recl National Monument, St Crois. United States Yingin lslands (17°47K,
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Table I. Musnber of independent fish corsuses by hoca-
tion and subsirabe tvpe. BaskShelf refers to sress seawsnd
aof the legoon. Lower lish abendance and diversity were
xpacied & Ihthmlimlmagm:ilunilhn the: Lagosnny

Sand  Seagmsx Cornl reefl
Hardbogiom
Raakisheli 24 g | 4
Lagoos 12 iz 24
Tental 16 36 4%
Ciranl 1otal 120

of homogeneous habitat type. Habitat boundaries and
transition arcas were eliminated during random selec-
tion of census sites. Geographic position of each census
site (+1 m) was recorded.

First, we compared the presencefabsence of adults
and juveniles between soft bottom {sand and seagrass)
and hard bottom censuses (Fisher's Exact Test, SAS
Instituie 20000 1o evaluate the null hypothesis that
there is no difference in the presencefabsence ratio
of H. favelineatum by bottom type. This was done
to confirm that H. flavedineaiun preferentially uti-
lize hard bottom over soft bottom sites during the
day. In addition, we compared the presencefabsence
of adubts and juveniles between lagoon and bank sites
(Pearson’s Chi Square Test, SAS Institute 2000) 1o

evaluate the null hypothesis that there is no difference in
presencefabsence ratio between lagoon and hank/shell
sites. This was dose o validate the common suppo-
sitpon that adulis are found primarily offshore ouside
the lagoon. Finally, we used the 48 hard bottom cen-
sus locations and associated presencefabsence valees
o evaluate the relationship between the distribution of
adult and juvenile H. feavolineanien and | 1) distance o
nearest soft bottom as well as, (2) total area of sofi bot-
tom within diel migration distance from hard bottom
CEnNsus s1les.

We evaluated these mpects of H. favolineation dis-
tmbution by examining the spaial position of each
hard bedtom census site relative to soft bottom arcas
on benthic maps of the study area. NOAA's Bio-
geography Program (2002) crested benthic maps of
the study arca by visual inerpretation of bottom fea-
tures from serial photographs. A total of 26 habi-
tat types were mapped within three broad categories:
unconsolidated sediment, submerged vegetation, and
coral recfhard bodtom (complete descr pisons ane aval-
abke i Bendall et al. 2001). For this analysis, we
grouped these map calegories into either hard bottom
(coral recffhard bottom) or soft bonom  {(unconsoli-
dated sediment, submenged vegetation) since these are
the two gencral habiisi tvpes that grumis interact with
{Figure 3). We determined the relationship between fish
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presence and the spatial configuration of hard and soft
bottom on the landscape by overaying the location of
cich fish census on the habiu map,

First, we measured distance from each hard bottom
census site o nearest soll bottom on the habitar oap.
We evaluated the relationship between this distance and
Juvenile pnd adult M, favelinearmn presencefabaence
olserved af thoese hand bobiom census sites using bogis-
i regression, Second, we measured the total area of
aofit battom (in square meters) within probable migra-
tion distance from cach hard bottom census site, We
evaluated the relationship between this area and juve-
nile and adult presencefabsence using ngistic regres-
sion, Since only rough estimates of migration distance
are available for H. fovelineatum (Ogden & Edich
1977, Burke 19951 we explored mvo values, 100 and
S00m. which cover the range of migration distances
suggested for this species in the lierature,

Resulis

We found a strong dependence betwesn the presence
of B, fovelinemum and bottom type. We observed
bath juveniles and adults significantly more often al
hard Boatorm sites than soft bottom siees (Fishers Exact
Test, 2-tail; juvenibes p < QU0 adults p = (LODOT;
Tables 2 and 3. However, trends in presence/absence
of juveniles and adulis were less dramatic when lagoon
am] hank sites were |,.1:||1pul\-¢|,|. Presence of ju'-'\-r.'l:'l'lll_"h
was significantly dependent on location. Juveniles were
found more frequently at lagoon sites (x° = 400,
p = 0.04: Table 4} than bank sites. Similarly. we found
adults ot sites in the lagoon more frequently than

Tabfe 2. Contingency iable analysis of juvendle presences
abrence by bard hottom versuy 506t hoibom. Fisher's exact
iest (2 caal) pooc (LEHHEL.
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sites on the bank although @ a slightly higher alpha
level (x* = 3.38, p = 0.06; Table 5).

Probahbility of fish presence at hard botlom sites
depended on fish life stage and the spotial param-
cter examined. A significant relatsonship was found
between presence of juveniles and distance from hard
boitom census sites o soft bottom (= 511, p =
0,02, Figure 43, Probability of juvenile presence af cen-
i sites was inversely related to theirdistance from sofl
bottom, In contrst, presence of adulis was not nelated
L clistance of hard bottom census sites o sofl botiom
(x? = 0.19, p = 0.66),

There was alse a significant relotionship between
presence of juveniles amd area of soft boitom within
100m of hard botiom census sites (x° = 475, p =
0.02; Figure 5} but not between presence of juveniles
amd area of soft botom within 300m (" = (L9,

Tible 3. Comtingency ishle analysis of ndult presencel
absazpice by hard Boiom veriss sali botioam. Fisher™s exact
teeed [ 2 il p < (LEEHH,
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p = 0.76). Presence of adults showed no significant
relationship with area of soft bottom for either disiance
from hard botiom sites ( 100m, x* = 0,53, p = 0.46;
500m, x* = 0,05, p = 0.82).

I¥iscussiom

As expected, both juvenile and adult H. Tavelineaium
were found primarily over hard bottom substrates
during the day. This habitat preference has besn well
documented by a mumber of studies and is presumed 1o
offer grunts struciural refuge from day-time predators,
Omnly when light conditions at dusk and higher visual
sty of grunts in dim light favor avoading predators
do juvenile grunts venture to open sofl botom 1o feed

Table 5. Contimgency table analysas of wlult presencefabsence
by lagoon versies bankfshelf, 3° = 3.3, p = {L0G.
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Figure 4. Logistic regressiaon of juvenile presence by distnnce
{m} froem hard boiom censis sie 0 sofl bolbom. x° = 301,
P = {L024

i

(McFarland et al. 1979). Also as expected, juveniles
were found primanly in lagoon arens which are sus-
pected o act as murseries 10 early life stages of many
reel species, Howewer, adulis were no more likely to
b found offshore than in the kagoon as had been previ-
ously speculated (Ceden & Edich 1977) and in fact
were more likely w be found at lagoon sites ot the
alpha (L6 significance level. Additional census data
and higher power of statistical tests are needed 1o fur-
ther resclve the inshore—offshore distribution of adulis
vii this study aren, Researchers in nearby Puerto Rico
have docurmented the inshore 1o offehose shift in adulis
suspected by Ogpden and Erlich (1977) although they
firund adults o be mone evenly spread across the shelf
i puveniles (Dennis 1992, Lindeman 19975 1t is also
possible, however, that the abundance of adults owiside
Che liagroam in our study aren is atificially low dee io
increased fishing pressure on the bank. A recent siudy
documentedd higher fishing effort owiside the Buck
Island Matiomal Monument bounciarbes on the bank than
inside the boundary which includes the lagoon. Further-
mare, the study found a decrease in size and abundance
for most predatory fishes in this area as a result of the
Lrap I'ixl'll:r}' { Bemts 15496),

Previous research on grunt distribution indieated that
fish abumdance was higher on reefs in close proximity to
seagrass bads (Randall 193, Oeden & Zieman 1977,
eywever, rigorous analysis of the spatial scale of this
association was not possible due w the lack of ade-
qpueate benthic lardscape maps. By analysis of fine-scale
fishvhabitat associations in the context of hrosd-scale
maps af the benthic landscape, this study indicates that

Probahility juveniles preses

02 - - - T : T .
[} i 100 180 200
Aien (i b of 3001 Baitom witken 100 m

Filgane 5, Logute repression of jusenile prcsenceiahsendas hy
area i sodt hoteam withis 1000m, 37 = 4,75, p = L0240,
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prodshility of juveniles being present at hard bottom
sitzs is higher the closer those sites ane to soft hot-
tom. Juveniles may be distributed in this way o limit
the distance that they must travel o noctermal feeding
sites, This would minimize unnecessary energy cxpen-
dateres on diel migration and maximize time allotied to
foraging. A plot of the line generated from the logistic
regression model of these dota indicates that an asymp-
iote in predicted probability of presence of juventles is
reached ut a distance of 300 m from soft bottom. Prob-
ability of juvenile grums being found on hard botiom
sabes greater than 300 m sway from soft botbom is near
#enn. Hard bobiom sites in excess of this distomee o
st baosttom may be structurally similar o hand bottom
directly adjacent o sodl bottom, yebunsuitable as day-
time: hahitwt for jovenile gronts since traveling hundreds
of meters toand from suitable foraging habitat ench day
wiruld needlessly expend encrgy.

Presence of adulis on the sther hand. was not
observed 1o have a significant relationship with dis-
tance of hard bottom resting sites from soft bottom.
This may be the result of a lack of a sufficiently large
range of distonces in the sampling data. The larger adult
fishh may simply have & larger migration range than
juvenibes (Kromer & Chapman 19999, If the migra-
tion range fior adults were larger than the maximum
distance between hard bottom and soft bottom sites of
this sy it would expluin the lnck of both significance
and an asymiptote from being reached in the analysis
of the sdult data as was Found for juveniles. Only by
i heding census sites with a hard bottom 1o soft bot-
b slistanee that is inexcess of the migration distance
for adults might a significant decrease in probability
of finching adults on hard bottom be observed. On the
other hand, it is also possible that adulis change forag-
ing behavior and preferved habitat from that of juveniles
and rely less on the close coupling of hard bottem io
soft bottom to meet foraging requirements. For exam-
ple. adult white grunts, Flassudon plamierd, tracked in
tagging studies displaved varving degrees of departure
froan the well documented pattern of juvenile off-reef
migrations {Tulevich & Recksiek 1994),

Previous research suggested that grunis feeding soli-
tarily after dark utilize the same foraging areas on
successive mights (Burke 1995) and may compete for
and defend discrete soft botnom Feeding sites from ather
grunts (MeFadand & Hillis 1982). Larger areas of 30
botiom would therefore be expected to support larger
numbers of grunis. The distances over which grums
responil 10 ares of soft bottom are poody undersiood

and can be inferred only from tagging studies with few
replicwles (Tubevech & Rechsiek 1994, Burke 1993),
Since home range size is often a function of fish size
(Kramer & Chapman 1999} analysis of the area of
sl bottoam within migration distance from hand baog-
tom census sites was conducted an two scales (100 and
S00m} in an ateempt o evaluate the spatial determi-
nants of suitable grunt hakitat for smaller (juvenile) and
|=rg|,:r {adul fish, It was found that presenoe :":fju'-\:nilr:
H. flavolineaiwm was positively correlated with amount
of soft bottom foruging area within 100 m of day-time
resting sites bt mot with soft bottom within 500 m sug-
pesting that maximum migration distance for juveniles
lizs between these two values, This is in agresment
with the observation that juveniles wene not hikely o
e fownd on hard bottom sites in excess of 300'm from
soft bottom, However, presence of adults was not sig-
nificantly comrelated with area of nearby soft bottom ot
cither spatinl scake tested. Aguin. this may sugges a
de-coupling of adult rellance on soft bottomhard bot-
tom foraging migrations or the results may be limated
by the spatial range in this data.

Additionally, H. flavolineansn distribution on hard
battom could mitially be influenced by patterns of lar-
val settlement. Observations in 5t Croix indicate that
larvae settle with greater frequency on sand and sea-
grass substrates than directly onto the reef (Shulman &
Oigden 1987, Only after o few weeks of soft botiom res-
wbence do recruits meove to nearby reefs and begin diel
foraging migrations {Helfman e al. 1982, McFarland
el al, 198%), Hard bottom sites in close proximity to
large areas of soft bottom could have higher ocour-
rence of B, favedineaiumn due 1o the influx of early
Juveniles from nearby setlement habitot. The distn-
bution pattern ciaused by larval settlement could then
be mamnained throwgh the juvenile stage by reliance
on soft botiom habitat for shor foraging maigrahions,
As fish size and migration range increase through the
adult stage, these distribution potterns appear to change
:_illhuugh the exact character of the distabution i= ot
discernable from this study.

This sy documents a pattern of habitat uiiliza-
ticm by juvenile grunts nod discemable by analysis of
visul fish census data alone (Sale 1998). Only by
combining fne-scale census data with analvsizs of the
spatial configuration of the landscape ol broad-scales
was the association apparent between day-time dis-
tribution of juvenile grunts and hard bottom in close
proximily W large areas of soft bowmom, While the
logisiic regression models used here revealed some




significant relationships, a lanze amount of variability
i the determinants of grunt distribation remains unex-
pluined. Several modifications o this approach should
be explored o improve model resulis. For example.
meore detailed habatat types could be included in the
analyses from among the original 26 catepories in the
benthic maps. Since all hard bottom and soft bottom
sub-categories in the original benthic maps are not
Ii_l-:tl}l to be of equal value to grunts as day-time resting
sites and might-time foraging arens respectively, includ-
ing more detailed habitat categories in the analysis
should further elucidate grunt distribution in the Tand-
scape. Other environmental variables such as depth and
dhistance from shore should be inclsded in futre anal-
¥aes as well since those factors are also known to influ-
ence grunt distribution (Lindeman 19971 In addition,
the spatial spread of sample sites on fulure fish cen-
suses should be increased winclude census sites farther
From soft bottom habitats, Including sites farther from
soft bottom would allow evaluation of relmionships
between adult gruat disiribution and landscape ele-
ments that occur at broader-scales. Finally, this study
focused only on day-time distribution of grunis, their
night-time foraging activities could be modeled sim-
ilarly once adequate information is obtained on these
migrations al fine-scales,
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